Cadmium chemistry is an important area of research from both an industrial and environmental point of view. This review surveys the structural determination of almost ninety heterometallic complexes of cadmium. The cadmium atom is found mostly in the oxidation state of +2, but there are also examples of +1 and zero. The coordination numbers observed range from two to eight, with six occurring most frequently. The heterometal atoms include both transition and non-transition metals. A range of derivatives from dimers to polymers contain two or more metal atoms, however, there appears to be no evidence to suggest the existence of a direct Cd-Cd metal bond.
INTRODUCTION
Over the last thirty years studies on the reactivity of various metal derivatives with cadmium salts have been carried out by a number of research groups. In many cases, isolable compounds have been obtained which yielded crystallographic structural data.
There have been annual reviews of cadmium chemistry [1], and we have recently completed a review and classification of over six hundred cadmium coordination and organometallic structures [2] . This present review covers the structures of cadmium compounds that contain at least one other metal atom, published up to the end of 1993 and including some 1994 data from journals specific to inorganic chemistry.
behaviour of heteronuclear compounds of the Group 2B metals, zinc [3] , cadmium and mercury [4] , About ninety cadmium compounds have been examined and the structures classified according to nuclearity. Within each subgroup, the derivatives are referenced in order of decreasing ratio of cadmium atoms and increasing number of heterometal units. Factors relevant to the stereochemical interactions around these metals are discussed.
HETERODIMERIC COMPOUNDS
There are two heterobimetallic cadmium derivatives for which the crystallographic and structural data are listed in Table 1A , The other metal atom in both cases is another Group 2B metal. In Me 2 CdZn(Et 2 NCSe 2 )2 [5] each diselenocarbamate unit chelates one metal atom and bridges to the other, as shown in Figure 1 One of the aims of this survey is to compare and contrast the structural FIGURE 1. Structure of Me 2 CdZn(Et 2 NCSe 2 ) 2 [5] system. In two of these [8, 10] The structure of a blue complex containing pairs of Cd(ll) and Cu(ll) atoms is shown in Figure 3 . The metal atoms are linked by bridging oxygen atoms of the μ3-ttftych(-3) ligands. Each copper atom has distorted square-planar coordination geometry, and each cadmium has a distorted octahedral environment. There is one heptameric example (CdFe 6 ), and the structure is shown in The data of Table 1 Γ- 
• Considerable attention in cadmium chemistry has been given to "Hoffmann-type" clathrates of the composition Cd(LN) x Ni(CN) 4 .nG (where χ = 1 or 2, and G is guest molecule(s)). The structures of these essentially yellow clathrates are complex . For example, in the orange derivative Cd(2,2'-bpy)Ni(CN) 4 [45], the Ni(CN) 4 4 ] n which are stacked along the c-axis. Each ethylenediamine molecule bridges between two cadmium atoms in the adjacent layers to make a three-dimensional host lattice. The benzene molecules are enclathrated in the cavities formed by the host lattice.
In this series a pseudo-octahedral coordination about each Cd(ll) atom is built up by four Ν atoms of the CN groups, and by two Ν atoms of the respective ligands. An almost square-planar environment about each Ni(ll) atom consists of four C atoms of the CN groups. It is noted that the "soft" Cd(ll) atom takes the "hard" N-atom, while the borderline Ni(ll) atom takes the "soft" C atom of the cyanide groups. The Cd-N(cyanide) bond distances range from 223.6 to 245.4 pm (mean 235.4 pm). The mean value of 235.4 pm is about 3.1 pm longer than that found in the homonuclear cadmium derivatives [2] , The Cd-N(monodentate amine) and Cd-N(bidentate amine) distances range from 227.0 to 236.5 pm (mean 232.6 pm) and from 224.5 to 247.4 pm (mean 232.0 pm), respectively. The mean values of 234 and 239 pm found in the homopolynuclear cadmium derivatives [2] are, by contrast, longer than those in the present derivatives.
There is a relationship between the mean Cd-N(chelate) distance and the N-Cd-N intrametallocyclic, five-membered, ring angle. When the distance increases, the angle opens. The data for heteropolynuclear versus homopolynuclear cadmium derivatives are 232 pm and 72.6° versus 239 pm and 74.8°, respectively.
In a dark red derivative [64] , shown in Figure 9 , palladium centres are square-planar. All porphyrin moieties are equivalent, and all four pyridyl units of the porphyrin are bound to essentially octahedral cadmium centres, which are coordinated by two trans monodentate nitrate ligands, two water molecules and two pyridyl units. Infinite linear strips, consisting of porphyrins interconnected by linear cadmium atoms, are indicated in Figure 9b . 
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. Table 3 summarises Zn-M [3] , Cd-M and Hg-M [2] distances in their respective heterometallic clusters, excluding any value which exceeds 300 pm. It should be noted that only the heterometals found with cadmium are included in Table 3 . There are, in fact, more such examples in both zinc and mercury chemistry, three hundred and fifty (zinc) [3] and over two hundred (mercury) [71] . Comparing all three metals, the shortest bond to a nontransition metal is found with cadmium, Cd-Ge (above), while the shortest to a transition metal is found with zinc (Zn-Co = 229 pm). 
